Abstract. We performed a pilot study to determine the dose effect of soy supplement on serum hormonal levels, estrogen receptor · (ER·) and androgen receptor (AR) expression in patients scheduled to undergo prostatectomy. Cohorts of 3-4 eligible patients received escalating doses of a commercial soy supplement, Flav-ein, from the time of study enrollment until prostatectomy. Serum levels of prostate specific antigen (PSA), testosterone, and estrogen were measured at study enrollment and prior to prostatectomy. AR and ER· expression was evaluated in the pretreatment biopsy specimen and posttreatment prostatectomy specimen using immunohistochemical analysis. A total of 13 patients were enrolled in this pilot study and 11 patients were assessable for response. With soy supplementation, serum testosterone levels decreased in 9 of 11 patients and estrogen levels decreased in 8 of 10 patients in a dose-dependent manner. There was a variable effect on ER· expression with downregulation of receptor expression seen at the highest dose level. There was no effect on AR expression. In conclusion, supplementation with this commercial soy product produced a consistent decrease in serum sex hormone levels. Additional studies are needed to evaluate a potential dose effect on ER· expression.
Introduction
Prostate cancer remains the most common malignancy in US males and is the second leading cause of malignancy related deaths. In the US, the incidence of this disease continues to increase as our population ages. It is estimated that 28,900 deaths occurred secondary to prostate cancer in 2003 (1) . Although prostate cancer has been predominantly considered to be a disease of older men, it can also occur in younger men. Sakr et al, demonstrated high grade prostatic intraepithelial neoplasia (PIN), a premalignant change which is felt to ultimately lead to the development of an invasive malignancy, in 5% of men in their 4th decade of life, 10% of men in their 5th decade of life and 63% of men in their 7th decade of life. The corresponding figures for invasive carcinoma were 29, 32 and 64%, respectively (2) . The incidence of low grade PIN was 9% in men who were in only their third decade of life (3) .
Clearly, factors that influence the development of PIN and the subsequent development of an invasive cancer occur early in life. Although the first premalignant changes occur at a young age, the majority of clinical cancers are not detected in most patients until after age 60. This suggests that factors such as a lifetime exposure to a specific diet and/or specific serum androgen levels may not only be important to the ultimate promotion of tumor development but also ideal targets for tumor prevention (4, 5) .
The preventive and the therapeutic effects of diet and nutrition on cancers including breast, colon and prostate cancer, have received significant attention (6,7). As many as one-third of all cancer deaths in the US are thought to be linked to diet. Significant epidemiological evidence suggests a role of a variety of dietary factors including the degree of lycopene intake, consumption of red meats and the amount of dietary soy in prostate cancer (8) (9) (10) . Studies conducted in Asian countries, where the average diet consists of 10 times the amount of soy products consumed compared to the average American diet, show that the incidence of prostate and breast cancer is significantly lower in these countries than in the US (11) . Further supporting a dietary and environment influence is the finding that Asian immigrants who have moved to the US and develop a Western diet have a prostate cancer incidence that approaches US born males (11, 12) . Despite the strong epidemiological data, the specific dietary factors effective in cancer prevention and the mechanism by which specific dietary interventions influence cancer development remains largely unknown. One hypothesis suggests that dietary micronutrients impact endogenous hormone levels, such as testosterone or (4, 13, 14) . The isoflavones, which are classified as phytoestrogens, are considered the responsible agents for the anticancer benefit of soy. Asian isoflavone intake is ~50 mg/day compared to the American intake of 2-3 mg/day (15) . The most active anticarcinogen agent in soy is the isoflavone, genistein, and it has been targeted as a potential chemopreventative agent (16, 17) . Other isoflavones such as daidzein, equol and biochanin A, also appear to modulate prostate cancer growth (18, 19) . Additionally, experiments using animal model systems similarly demonstrate that soy isoflavones prevent or limit the growth and metastases of prostate tumors (20, 21) .
Commercial soy products have been widely promoted and are consumed by a significant number of patients. The mechanism of action of these products, appropriate dose, degree of benefit and safety profile, remains largely unknown (22) . Using a dose-escalation paradigm, we preformed a pilot study of a commercial soy product to further evaluate the effects of this supplement in prostate cancer patients.
Patients and methods
Study design. The overall design of this protocol was to treat patients who were scheduled to undergo radical prostatectomy for their prostate cancer with a commercial soy supplement. Cohorts of 3-4 patients received the supplement in a doseescalation fashion from the time of study enrollment until the time of prostatectomy. Serum levels of prostate specific antigen (PSA), total estrogen, DHEA, and testosterone were measured at the time of study enrollment and just prior to surgical resection. Paraffin slides were obtained from pretreatment biopsy specimens and the post-treatment prostatectomy specimens. Using immunohistochemistry, pre-and post-soy supplement sections were assessed for expression of estrogen receptor · (ER·) and the androgen receptor (AR). Specimens were graded on a scale of 0-3+ with zero being no expression and 3+ being intense expression. In addition, all patients were monitored for toxicity.
Eligibility. All patients had histologically proven adenocarcinoma of the prostate and were candidates for radical prostatectomy. Patients were maintained on the supplement for at least 14 days prior to their surgery. All pre-study laboratory measurements were assessed within 14 days prior to registration and drawn in the early morning. During the study period, patients agreed not to take any new vitamin supplementations or herbal remedies. Patients were excluded if they were to receive concurrent chemotherapy, radiation or hormonal therapy and if they had taken any soy supplementation or soy isoflavones within 90 days prior to study enrollment. All patients signed an informed consent prior to study enrollment as approved by our institutional IRB/ Human subjects committee.
Supplementation with soy isoflavones. The first two patients received two servings daily of a commercial soy protein powder (Ultra-Soy, Genisoy Products Co., Fairfield, CA). A manufacturing reformulation resulted in a product no longer consisting of pure soy and included several additional vitamin supplements. The protocol was subsequently amended and all remaining patients received Flav-ein capsules (3 B'S Ltd, Lenexa, KS). This supplement was chosen because it is an allnatural pure soy product and is in capsular form. Each capsule contains 560 mg of soy extract and 100 mg of legume powder with no additional additives. Each capsule contains 28 mg of total isoflavones (10-20% genistein, 50-70% daidzein, 20-40% glycitein). To minimize variation in isoflavone content that can occur from harvest to harvest, the product was purchased in bulk. Three cohorts of patients received supplementation at the following three dose levels: 1) 112 mg total isoflavones (two capsules twice daily), 2) 168 mg total isoflavones (three capsules twice daily) and 3) 224 mg total isoflavones (four capsules twice daily). Dose level 1 was equivalent to the isoflavone dose of the initial two patients who received the powdered supplement.
Results
Thirteen patients were enrolled over a six-month period. Eleven patients have completed treatment and undergone radical prostatectomy. One patient subsequently declined surgery and one was enrolled but later, because of a pre-existing cardiac condition, was subsequently considered not to be a surgical candidate. Of the 11 evaluable patients, 4 patients received dose level 1, 3 patients received dose level 2, and 4 patients received dose level 3. There were no thrombotic events or other toxicity seen in this trial. The median time on supplementation prior to prostatectomy was 28 days (range . Table I shows pre-and post-soy PSA and testosterone values. The soy supplementation produced no consistent effect on serum PSA levels. There was an overall decrease in the serum testosterone level with a mean pre-soy level of 5.004 ng/ml compared to a post-soy level of 3.175 ng/ml. All Table I . PSA and testosterone with soy supplementation. 
-------------------------------------------------

a Patients 1-4 received the equivalent of 112 mg of daily isoflavones, patients 5-7 received 168 mg of daily isoflavones and patients 8-11 received 224 mg of daily isoflavones. Both PSA and testosterone levels are ng/ml.
but 2 patients had a decreased testosterone level with supplementation, one in a patient receiving dose level 1 and one in a patient receiving dose level 2. The mean decrease in the serum level was 1.15 ng/ml in dose level 1 compared to 1.36 ng/ml in dose level 3. Table II lists the pre-and post-soy estrogen values. Levels of total estrogens decreased in 8 of the 10 evaluable patients and in all dose level 3 patients. The mean pre-soy total estrogen level was 171.1 pg/ml compared to 139.8 pg/ml post-soy. ER· immunostained positively in 8 of the 11 pretreatment samples and in all post-treatment specimens. The remaining three patients (patients 1, 6, and 7), exhibited only minimal cytoplasmic staining in the pretreatment sample, but significant expression post-treatment (Fig. 1 ). In two additional dose level 1 and 2 patients, there was a 1+ increase in the intensity of ER· expression in the post-treatment specimen. In 2 of 4 patients treated with the highest dose of supplement (dose level 3), there was a clear decrease in ER· expression. In the 2 patients who had an increase in total estrogen levels with supplementation, there was no change in ER· expression. The ER· staining pattern was predominantly nuclear with variable cytoplasmic staining. Expression was equally present in both malignant and adjacent benign glands. AR expression did not change in the pre-and post-soy specimens with all samples intensely positive in both pre-and post-soy samples.
Discussion
The isoflavones are heterocyclic phenols with close structural homology to estrogens. Individually, isoflavones have weak estrogenic activity, possessing between 1/1,000 and 1/100,000 the activity of synthetic estrogens (8) . Agents that effect estrogen receptor expression may have a role in prostate cancer development and recent studies have suggested that certain polymorphisms in ER· are associated with an increased prostate cancer risk (23, 24) . However, despite progress in defining the role of ER expression in prostate cancer (25, 26) , the full clinical impact and the prognostic role of estrogen receptor expression in prostate cancer is still unknown.
Two animal studies have evaluated the effects of dietary genistein on estrogen receptor expression in the rat prostate. In the first study, animals receiving a continuous diet of genistein demonstrated downregulation of ERß but not ER· (27) . A second study, noted significant dose-dependent downregulation of ER·, ERß and the androgen receptor in male Sprague-Dawley rats receiving dietary genistein (28) .
In our study, we found a variable response in estrogen receptor expression. Of the 4 patients who received the highest dose level, 2 had a clear downregulation of receptor expression while expression increased in the lower dose patients. Three of the lower dose patients with increased ONCOLOGY REPORTS 16: 1221 -1224 , 2006 Table II. Estrogen levels with soy supplementation. 
Represent change in ER· expression in pre-compared to the post-soy sample. Estrogen levels are pg/ml. expression had minimal cytoplasmic expression in the prestudy needle biopsy but 2-3+ expression in the post-soy radical prostatectomy specimen. Although ER expression occurred throughout the visualized gland in most positive specimens, potentially this could be related to a sampling error comparing the limited pre-study biopsy to the prostatectomy specimen.
Serum estrogen levels decreased with supplementation in 8 of 10 patients and testosterone levels decreased in 9 of 11 patients with a decrease occurring in all higher dose patients. A study evaluating the effect of soymilk on serum estrogen and androgen concentration found a similar decrease in serum estrone levels but not serum androgen levels (29) . Whether the long-term benefit of a soy supplement is related to a positive effect on serum hormonal levels or by modulation of estrogen receptor status needs continued evaluation in larger clinical trials. Although treatment with an estrogenic agent could have potential toxicities such as increased thrombotic risk, no toxicity was seen with this supplement.
In conclusion, the findings in this pilot study suggest that the soy supplement, Flav-ein, decreases serum estrogen and testosterone levels in a majority of patients. In addition, there is a variable dose effect on ER· expression with downregulation of the receptor at higher supplementation levels but no effect on AR expression. Additional studies which also include measurement of tissue mRNA and a correlation with ER· polymorphisms are needed to further investigate the significance of this dose effect.
